Cell Lines HT1080 cells (ATCC CCL121) were cultured in Dulbecco's Modified Eagle's Medium (DMEM, Invitrogen Corporation) supplemented with 10% (v/v) tet system-approved fetal bovine serum (Clontech Laboratories, Inc.) at 37°C in 5% CO 2 . To construct cell lines expressing tetR-fusion proteins, mRFP-fused tetR protein expression vector, pRFP-tetR or tetR-fused VP16 transcriptional activation domain expression vector, ptTA was introduced into HT1080 sublines containing the alphoid tetO HAC using the Polyfect Transfection Reagent (QIAGEN) according to the manufacturer's instructions. After transfection, cells were exposed to 4 μg/ml of puromycin for 2 days. A retroviral vector system was also used to obtain cell lines expressing tetR-fusion proteins.
BAC Transfection
The alphoid tetO BAC DNAs were purified using a Qiagen large construction kit (QIAGEN). Using 4.5 μl of Lipofectamine Reagent (Invitrogen Corporation), 0.4 μg of purified BAC DNA was transfected into HT1080 cells. Bs-resistant cell lines were selected with 4 μg/ml blasticidin S hydrochloride (MP Biomedicals, Inc.) and analyzed by FISH. To obtain homogeneous populations of sub-lines containing HACs, single colonies were picked up from the original alphoid tetO HAC clones AB 2.2.18 and AB 2.5.4. Throughout the sub-cloning process, cells were cultured in non-selective medium. Loss rates (R) of HACs per generation were calculated using the following formula:
N 37 = N 0 x (1-R) 37 . N 37 is the average number of HACs per cell from 20 observed metaphase cells at day 37 and N 0 =1 in this case because of the sub-cloning.
De novo HAC Formation Analyses by Fluorescence In Situ Hybridization (FISH)
Standard FISH techniques were carried out for the alphoid tetO BACtransformed cell lines as previously described (Masumoto et al., 1989) . The probes used were PCR products of p3.5α for the alphoid tetO dimer and RSA/SAT43 for the BAC vector DNA. Alphoid tetO dimer template was amplified by PCR using TaKaRa LA Taq (Takara Bio Inc.) with M13 universal and reverse primers. Alphoid DNA hooks were eliminated from the BAC vector by restriction enzyme treatments and the fragment containing the YAC and BAC cassettes was purified from the gel. PCR amplified alphoid tetO and the BAC vector DNA fragment were labeled using a nick-translation kit with digoxigenin-11dUTP or biotin16-dUTP (Roche Diagnostics). Images were captured using a cooled-charge-coupled device (CCD) camera (Cool SNAP HQ, Photometrics) and analyzed by IPLab software (Signal Analytics).
Construction of tetR-Fusion Protein Expression Vectors
The tetR coding sequence of E. coli Tn10 was cloned with and without the stop codon into pZeoSV(-) (Invitrogen) using EcoRI and BamHI.
For cloning of retroviral expression vectors, the tetR coding sequence was amplified by PCR with Phusion High-Fidelity DNA polymerase (New England BioLabs) from pTet-tTS (Clontech) using primers with nuclear localization signal (NLS: PKKKRK), re-tetR-F (5'-ACGAATTCATGTCTAGATTAGATAAAAGTA-3') and re-tetR-R (5'-GAGGATCCCTAAGGCCTCTTTCTCTTCTTTTTTGGTTTA). The amplified tetR gene was inserted into the retroviral vector, pFB-Neo (Stratagene) using
EcoRI and BamHI (pFB-tetR-Neo). The VP16 coding sequence was amplified from pTet-ON (Clontech), with PCR primers VP16-S (5'-GAAAGGCCTCTTAAATGTGAAAGTGGGTCC-3') and VP16-N (5'-GATCGCGGCCGCTCTACCCACCGTACTCGTCAATTC-3') and inserted into the pFB-tetR-Neo using StuI and NotI (pFB-tTA-Neo). The tTS coding sequence was amplified by PCR from pTet-tTS with primers, re-tetR-F and retTS-R (5'-CGCTCGAGCTAAGGCCTCCAGGGATCCTCTCCTTGCTGC-3') and inserted into the pFB-Neo using EcoRI and XhoI (pFB-tTS-Neo). The EYFP coding sequence was amplified by PCR from pEYFP-C1 (Clontech) and inserted into the pFB-tetR-Neo and pFB-tTS-Neo using StuI and XhoI (pFB-tetR-EYFP-Neo and pFB-tTS-EYFP-Neo). or inserted into the pFB-tTANeo using NotI (pFB-tTA-EYFP-Neo). tTS mut has two amino acid mutation in KRAB-AB domain consensus sequence in SD kid-1 of tTS (Agata et al., 1999; Matsuda et al., 2001) . The pFB-tTS mut -Neo and pFB-tTS mut -EYFP-Neo were constructed by PCR using Phsion Site-Directed Mutagenesis Kit (NEB) with PCR primers mKRAB-1 (5'-GCTGCGGCTGTGCTCTTTACTCGGGACGAG-3') and mKRAB-2 (5'-TTCAAATGTCACTGACACTGCTAG-3'), and templates pFB-tTS-Neo and pFB-tTS-EYFP-Neo.
TetR-fusion protein genes and the neomycin resistance gene were cloned into a retrovirus vector bearing an internal ribosome entry sequence (IRES). Virus-infected cells were maintained in medium containing neomycin and/or 1 μg/ml of doxycycline.
Microscopy and Image Analysis
Cells were transfected, fixed for 10 min with 4% PFA and mounted with VectaShied for microscopy, which was performed with a DeltaVision (Applied Precision, Issequah, WA) inverted microscope. For analysis of the intensity of various FPs on the HAC, Z-stacks were acquired using the same Z-spacing and exposure without deconvolution. We then defined a cylindrical region of interest through the stacks using the image analysis tool of Softworx and summed the intensity within this region for each image plane. The total intensity for image planes containing the HAC is shown in Fig. 4B . This was normalized for background by division by the summed intensity above and below the HAC within the cylindrical ROI.
ImmunoFISH and Cytological Preparations
ImmunoFISH experiments were performed on chromosome spreads. Cells from alphoid tetO HAC cell line AB2.2.18 were incubated for 4 hours in 0.1 μg/ml colcemid and after mitotic shake-off, mitotic cells were resuspended in were fixed for 15 min with cold (-20 °C) MeOH. Mitotic spreads were transferred by dropping onto a clean glass slide, dried and incubated in PBST (1x PBS + 0.05% Tween 20) for 5 min. After pre-block with 1% BSA in PBST for 30 min at 37 °C, incubation with primary antibody was done o/n at 4 °C and with secondary for 30 min at 37 °C. After the second incubation, cells were fixed again with 4% PFA for 8 min, washed twice with 2x SSC buffer for 5 min and EtOH dehydrated. Another wash was done with 2x SSC for 45 min at increasing temperature from 25 to 70 °C, followed by EtOH dehydration.
DNA was denaturated with 0.1 M NaOH for 10 min, the slides were washed 3 times with 2x SSC and dehydrated. BAC-probe (obtained using Bionick
Labelling kit from Invitrogen) was denaturated and applied to the slides, which were incubated for 2 min on a thermoblock at 75 °C. Hybridization was o/n at 39 °C in a humidified chamber. The following day slides were washed 3 times for 5 min with 2x SSC at 45 °C and again for 5 min at room temperature.
Incubation with FITC-avidin (Molecular Probes, Inc.) 1:500 for 30 min at 37 °C was followed by incubation with biotinylated anti-avidin antibody (Vector)
(1:100) for 30 min at 37°C and by another final incubation with FITC-avidin.
Slides were finally washed for 5 min with 2x SSC and mounted with VectaShield (Vector). Chromatin fibers were obtained from alphoid tetO HAC cell line AB2.2.18.21 and processed for ImmunoFISH as described (Blower et al., 2002) .
Chromatin Immunoprecipitation (ChIP) and Real-Time PCR
ChIP with CENP-B antibody (2D8D8 and 5E6C1) was carried out according to a previously described method (Nakano et al., 2003) . ChIP with antibody against EYFP (anti-Green Fluorescent Protein, Roche) was done using a modified method. Cultured cells were cross-linked in 1.0% formaldehyde.
Soluble chromatin was prepared in sonication buffer (5 mM HEPES, 1.5 μM aprotinin, 10 μM leupeptin, 1 mM DTT, 0.5% SDS and 40 μM MG132) and 
The Analysis by Real-Time PCR of the HAC Loss Rate (R) in Subclones
Expressing the tTA Genomic DNAs of mRFP-tetR or tTA expressing subclones were purified and processed as described above. Additional primer sets included, 17alpF (5'-CAACTCCCAGAGTTTCACATTGC-3') and 17alpR (5'-GGAAACTGCTCTTTGAAAAGGAACC-3') for chromosome 17 alphoid DNA, X3-F (5'-GTGACGATGGAGTTTAACTCAGGG-3') and X4-R (5'-GCTTTCCGTTCAGTTATGGGAAGG-3') for chromosome X alphoid DNA.
Indirect Immunofluorescence
Indirect immunofluorescence was carried out as previously described. Cells 
Quantification of Transcripts Derived from alphoid tetO HAC
Real-time RT-PCR was carried out using the iScript One-Step RT-PCR Kit with SYBR Green (Bio-Rad) according to the manufacturer's protocol, using total RNA prepared with the SV Total RNA Isolation system (Promega).
Reverse transcription and PCR were done with the following primer sets:
hActin-a (5'-ATCTGGCACCACACCTTCTACAATGAGCTGCG-3') and hActinb (5'-CGTCATACTCCTGCTTGCTGATCCACATCTGC-3') for human β-actin, 11-10R and mCbox-4 for 11-mer of chromosome 21 alphoid DNA (alphoid chr.
21 ), tet-1 and tet-3 for the alphoid tetO . bsr-F and bsr-R for the marker gene (bsr) of alphoid tetO HAC.
Methylated DNA Immunoprecipitation (MeDIP)
MeDIP with anti 5-meC antibody (Diagenode) was carried out using a modified method. Purified genomic DNA was sheared using a Bioruptor sonicator (Cosmo Bio) to an average DNA size of 0.5 kb and denatured at 94˚C for 10 minutes. The methylated DNA was immunoprecipitated in IP buffer (20 mM Tris, 150 mM NaCl, 1 mM EDTA, 20% glycerol, 1.5 μM aprotinin, 10 μM leupeptin, 1 mM DTT, 0.1% NP-40). Protein A agarose blocked with salmon sperm DNA (Upstate) was added, and the antibody-DNA complex was recovered by centrifugation. The recovery ratio of the immunoprecipitated DNA from input DNA was measured by real-time PCR using the following primer sets: 11-10R and mCbox-4 for 11-mer of chromosome 21 alphoid DNA (alphoid chr. 21 ), tet-1 and tet-3 for the alphoid tetO .
bsr-F and bsr-R for the marker gene (bsr) of alphoid tetO HAC.
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